Unconjugated bilirubin produces toxic effects on mitochondria1 electron transport. oxidative phosphorylation, and ultrastructure (I, I I). Respiratory stimulation and uncoupling are observed at concentrations lower than those necessary to inhibit oxidative phosphorylation (I, 11). Bovine or human serum albumin in vitro prevents injurious effects of bilirubin on isolated mitochondria by preferentially binding the bile pigment (10) .
Ligandin is an abundant cytoplasmic protein found in parenchymal liver cells. proximal tubules of the kidney, and intestinal mucosa, and binds bilirubin and other Iigands. Ligandin is postulated to be an important determinant in the transport of various endogenous and exogenous organic anions (5, 7) .
We have studied the role of ligandin in protecting rat liver mitochondria against effects of bilirubin on respiration and oxidative phosphorylation.
METHODS
Crystalline bilirubin was obtained from Eastman Kodak (12) (E = 60 x lo3 at 450 nm in chloroform). recrystallized. and stored at 0" in the dark. Bilirubin solutions were freshly prepared at concentrations of 10-3-10-' M, 0.02 M aqueous NaOH. and kept at 0" in the dark. Human serum albumin (fraction V, defatted) was obtained from Sigma (13) and prepared in solution at concentrations of 10-3--10-4 M.
Ligandin was purified from Sprague-Dawley rats as described previously (6) . Livers were rapidly removed from male rats (250-350 g) after decapitation and placed in medium containing 0.25 M sucrose, 1.0 mM EDTA, and 10.0 mM Tris-HCI, pH 7.4. The tissue was homogenized with approximately 4 volumes medium using a Potter-Elvehjem glass homogenizer. The homogenate was centrifuged at 800 x g and the supernatant was centrifuged at 13,000 x g. The crude mitochondrial pellet was washed twice in 0.25 M sucrose containing 10 mM Tris-HCI. pH 7.4. Resuspended mitochondria were collected by centrifugation at 25,000 x g. All procedures were performed at 4'. I
Respiration was studied polarographically using a Clarke 
RESULTS
Addition of less than 20-30 pm of bilirubin to the mitochondrial medium containing glutamate-malate as a substrate pair increased basal respiration (stare 4 rate). increased phosphorylating respiration (slate 3 rate), and, as shown in Figure I . decreased the respiratory control index (stare 3:4). At higher concentrations of bilirubin, a major decrease of state 3 respiration was observed.
In the presence of human serum albumin, bilirubin effects on srare 3 and 4 respiration were reversed (Fig. 2) . At an equimolar ratio of bilirubin and human serum albumin, the inhibitory effect of bilirubin almost disappeared. As the bilirubin concentration increased, the inhibitory effect of albumin was decreased but was still evident at ;I molar ratio in excess of 10: 1. No difference in inhibitory effect was observed between defatted human serum albumin or highly purified fraction V. Ligandin also inhibited the stimulatory effect of bilirubin on respiration. With glutamate-malate as substrate, ligandin was less effective in preventing mitochondria1 toxicity than was human serum albumin (Fig. 2) . Similar inhibitory effects of human serum albumin and ligandin were observed using succinate-rotenone as substrate (Fig. 3) . The effect of bilirubin on the respiratory system containing succinate-rotenone was less than with glutamatemalate, as described previously (1 I).
The reversibility of the effect of human serum albumin and ligandin on bilirubin toxicity was also examined. Mitochondria, medium, and bilirubin were incubated for 10 and 30 min. Equimolar human serum albumin or ligandin was added to the mixture. Oxygen consumed in srare 3 and 4 was recovered completely after 10 min of incubation. After 30 min of incubation, the markedly stimulated respiration was not recovered even by addition of human serum albumin or ligandin at a molar ratio exceeding I : I . bilirubin on isolated mitochondria when the two are at equimolar concentration (10) .
Human serum albumin and ligandin protected liver mitochon-1 dria from injury resulting rrom bilirubin (Fig. 2) . Ligandin is a less I (2) . Lipandin may protect certain organelles and functions from injurious effects of bilirubin and other potentially toxic organic anions.
SUMMARY
Ligandin as well as albumin protect against the toxic effect of bilirubin on mitochondria1 oxidative phosphorylation. At higher bilirubin concentrations, human serum albumin was more effective against bilirubin toxicity. Ligandin may have a physiologically important role in intracellular protection of mitochondria from the effects of bilirubin.
